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to alloy the stabldtzed Towels dtention: to be real, before tae Slov 


iadlonturs are abseired by tre Dinca soter. Tho black water Slovrate 
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Dut to the Vycor tube when operatiny at this low pressure, As the 


pressure and cas flow increase, the plasma contracts so that the 
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lusinous «sages no lonver avrear Lo contact tre tube wall, The olasna 
{3s now shaped as a cylinder Sfve to atx fncnes 'n leneth and roueh!: 
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piece, Ags the sas Slow ‘2 'ncreased to Po scfh, the baczeflov of REEL 
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this descrfution 's representat've of ty. ten) -lasme operat‘on. 
The dimensions of the olauma were not vensured, ond ol)? stated values 
are mptrox*midtons, feetier). the Ti enstons of che plnesa, etl the 
ras Slows at which olasma extention occurs are stronsly dependent ion 
the rf oower leve!. More ‘mportant than the exact dtnenstons of the 
plasma are tne chanres ‘tn ani@arance of the y’as7a vhich result from 
chanves 4a rf power ant ‘as Slow. «tthin the ranee of ff power ani cas 
flow ‘ised tn this study, tneveastne the rf power inereases the dtaveter 
of the vlasma and ‘ncreases the lenrth of the tatl-flane, while in- 
creasing the vas flow decreases the dianeter of the plasma, and increases 
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The f'rst row of date ves recorjed during the clear vater ru and 
the second row recorded during the blacz vater run, che 2! fferesce 'n 
plnte pover betweer, these two runs of §.f iv 's larger than cost ¢!ffer- 
ences recorded, ‘ut 't servéeg to shov the necass' ty of nornallztng the 


dats before any com utattun of tre rodtal radi ntion jover, tp, cen be 


made. 
oho juant'ty Q, "an seagure of the power tranufersed to the walls 
by cunvéetfon and treat gortios of t4a red'etlon absurbe? by t% car 


water and te vlass tubes, This jortfon of the radiation auver was 
asuiced nog lie'ble (9 comarfson vith eft'er total rata) radfation 
power, or convect! ve cower to the walls. Jne quani'ty qb fs 9 sessure 
yf the su of the power transferred to the valls hy convect'on, dy, end 
the rad!al radiation ;over, de. dp 's radin] rad'at‘on powor tint exists 
{fn tie ranre of vavelenvts: Sur which Vecor, water, and Pevrex are trans- 
parent. 

Hote: The cuantity <p wil? hereafter be referred to simply 

as radiation rower. Tt ts 's “act a measure o°% radéal 

radiation only, as the ov'nl radiation power 's absorbed hy 

the top end-olece of the plauma-renerator and the cnlori- 

meter. ‘lo anttenpt was ~ade to ~eastre the axial radtation 

power, but 't ‘3s Included in the nensurevent of we and do. 

If we therefore subtract ty fron gb, the d'fference should be ry. 
From Table II, the value for Qf thus com: uted would be 3.€4 kw. Implied 
{in this computation 4s the assumption that all the add‘t'onal nower 

f 

measured with the black water was rad‘ation power, and no cons‘derntion 
was piven to fact that the rf plate vower was 5.8 kw hivher durine the 


black water run, This increase in plete power ref’ects an incresse in 


rf vower output of something less than 5.8 kw due to normal losses in 
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amt the calorimeter. after ty, or, aid uc are fom, tney can be 
sumed to forn a total e*fect'veness, £,. let the ratio of &,, 

Sivided by E,, be defined as %. o's'larly, define 2. and A,. These 
ratios show the distrtbutfon of wver within the Gas, as fllustrated 


Iq Table te 


we Ploy 
§ oF Pe ate te 

The date ore “resénvel fs termd.o° the povér cowl! 4e@ effect! se- 
ness, 6, an! Ue wen gd Usuetii et eatiu, Ny WS. eae Plow tn Fl eures 
1G hem loc. ent for tho tar, Sh, 89d ue ¥S. tas Slov eran 
(rom be PM es were on oad oy oreo) ag ia, Pl Nodes Wehn 
resnect to b,. one Gaeves an Shese qrpehe: sere gonk Uracue a tS 
the daty sofnts hv a second order (paraboltc) curve. ‘iowever, there 


1s rood arrument for ise of u third order (S-shaped) curves for Sp, 


ee 


roge 2, atid for ky, odes < and 3, basel on the number of dete points 
and their d?stribution. The type curve choscn to represent a series of 
data points should be based upon the exactness to which cach data point 
“enn be located, as wel] as to the nunber and distribution of the points, 
If hivh confidence in the location of each dita point is justified, a 
eurve which closely fits all the data points can be drawn. If, however, 


aed 
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the possible varfation {n the exact location of 9 date point !s larce, 
then a lower order curve which tends lo average out the point location 
uncertainties 's sore reasonable. The exact locations of the date 
points for BE, and & ere not known vith suffictent accuracy to jusully 
sure than a secon! omler curve. 

The feut attached to each ond of these curves show tro poss!ble 
vertival displacemats of the date polnts hasod upon the probable 
error {n reading the coolant temperatures of 9) aa or s!nus one dovree 
Pahrennett. These vertical displacoments aro essentially constant for 
all data points alone that curve, and this d'uplay sethod ves chosen 
over attaching the feet to each date point to prevent oxcessive clut- 
tert{ng of “the evraphs. 

after the curves for &, E,, ani &. were plotted, the difference 
hetween the Ey nnd E, curves was irawn as the b, curve ("!e, 11), and 
the sus of the eb and Ec curves was drawn as the Ey curve (Fir. 13). 
The data dispersion which {3 Inherent in the process of subtracting at 
each data point, and then plott!ne, {ts shown quite well in the vlots 
of the data for E.. The data points shown result fron the subtraction 
of E, data points from E, data points. The subtraction technique will 
always produce this type of dispersion whenever the datn are not rere 
fectly smootn. The probable vertical displacenent of points on the Ep 
curves was taken as (2) 172 times the avernre displacements for the Ey 
and —&, curves since these displacements are close to beine equal. 

The curves for Ry, Rr, and 2, result from dividine the 5, Ep, 
and E, curves by the ky curve. In this manner, the normalizing quantity 
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Pe 15 eliminated, and the resulting quotients, /Qr, Ie/Aer 07d QS dt, 


wre the rover distribution ratios, ity, ap, and Re (Pig. 14, 15, end 16). 


Daty accuracte 

Tne only sfentflcant source of error tn the data results from the 
low accuracy to which the coolant temperature r!ses can be deterzined. 
Sy reading the deflection of the center of the temperature trace to the 
vearest i/4Ue'n., the probable error in temperature seasuretont {s 
Approxinately plus or sinus one doyvree Pahrenheit. The following 
example {liustrates the conse juence of such an error. 

For a typical coolant flow of 2500 pounds per hour, as error of 
plus or snus 0.732 fa may be expected !n the value for Q,. The resul- 
tant errors In &,, from errors ‘n power of this size, range from plus 
or minus 2.5% to plus or alnus u.9%. That fs to say E, equals 40% plus 
or minus 2,5... For Ep, the errors due to inacurrate temperature 
measuremont, ranve from plus or minus 2.2% to plus or sinus 0.8%, which 
arc slightly les: then errors for By, due to the lower black-water 
flowrate. The errors in Ep will contain the errors in By and Sp. Since 
the errors in ky, and Ey for a particular operating mode and gas flow ere 
approximately equal, the error in Er wes taken as the )'/? times the 
numerical average of the errors for Kh, and Ep. The range of errors 
thus computed for E, are from plus or minus 3.3%. to plus or minus 1.2%. 
Except for some varistions in coolant flowrates, the errors in B,, Ep, 
and E, due to an error of plus or minus one degree Fahrenheit, are 


inversely proportional to the normalizing quantity, P,. Other errors 


eas, 
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result from the accuracy to which the coolant flowseters, plate 
voltmeter, plate amzelers, snd vas Slowseters can read, and from the 
failure to resove al) of tno vover from tne eas in the calor!meter. 

The two plate ameters can be rea} to the nearest U.1 sapere, 
and the plate voltseter can be read to the nearest 0.) ev. The ine . 
heront error hero 's plus or afnus U.W95 bw water Sa 'nstenificant 
when compared with the lowest value of Pe, which {5 27 ev, 

The Alreo flowzeters nre state} to be accurate within Ive 
percent, and they can be read to tne nearest one ucfn, It fs assumed 
that any {naccuractes {n the flowmeter arc distributed over the vhole 
rama of the Slowneter. this type error will be shown as a scale 
error on the graohs, without apprec'ably chang!ne the general apsear- 
ance of the curves, The !naccuracy ‘n read!n» tne flowneter would 
show as a horizontal disolacetent of a data point on the eraph, 
however, a horfzontal shift of one scfh would be hard to detect on the 
scale of 50 scfh per inch. 

The iarvest amount of power remaining !n the pas as tt left the 
calorimeter was on the order of 0.03 kw. “ad the calorimeter been 
totally effective, this power would add to q,. vince the smallest 
value for Jo was 2.42 kw, the error in neplecting the power renaining 
in the ras $s acceptable. 

The water flowmeters could be read to the nearest five pounds 


per hour, or to within two and one-half pounds per hour. This error 


in coolant flow can lead to an error in power measurement up to 0.06 kw 
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Before presenting tne re 


“{x tn th alnd of 
study, aye } tat the SP" we 


Tho quant! t fos dy and 2b 


Coolant as 't passes tron the plastaeveneratur, The quant!ty ¢- 
ropresents the puver transforre? to t° it fn he castor twater, 

ty {3 conposed of throe terse; & val? los. tern, 8 rad'at’on tern, 
wr & fuct loka tors, The wal? Toss fs th wor transferre? by con- 
vection to thd wall fs tse araii of neat add't tw. the tings. ofnce 
the plasma extends my t2 the inieutfon plate, sove vali loas fs 
@xperfenced cherea also, The red'at'or ters 's composed of tee radtat'on 
abaoroe! by the coolant, * Mor ivnex subé, the. Ssnigr Arcur tube, 
Or Lhe Lo nt botioa ont-stecs atm fuzt logs term re cresents power 
transferred to the wel] wafen wae navaflable mn the eas f ow ag antroloy 
after the eas left the grea of twat adl'tton, 

dp 18 connosed of the sane teresa as ay with an add't'onnl radia- 
tion term. ‘sh*’s aldittone) tors renresents che sndinl redtatton . a érx 
absorbed by the black water. 

2. {8 composed of two terms, The “trst ters represents the cover 
available jn the vas Clow as enthaloy after the -as leaves the ylusma- 
pentritor, fhe second, ter revriscnts, tie red-ation (rom tie alacaa 


which is absorbed ‘n the 


the reader exactly wnat ves nengured far ls 


‘alorimeter, 


of 
os 


ig ated anclus’ons, 4 $3 necessary to 


thig 
ft'6 ately vere, 


represent the pover transferred tu the 


os 


Por <ne- “ost part, this radigtion 
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{s axfal radfatfon, ut at aivh gas flow In smal) diameter tubes, the 


vistble olas=a could exten? down {nto the calorimeter, ‘n uhich case 
ponte radial readfation vould also be seasured, 

The definitions for vp and dy need not be further expanded.  - 
cemains the d'fference between ah and «wy, and represents the difference 
between the total radtal eadfntion and that portion of radial radiation 
which 's absorbed by the clasenevenerntor, clear vater, ond the calorfe 
meter should the  Insen exten! that “Car down, The total vsover trans- 
Terra to The “au, My, rem~nine the sim of %, And 2,. 


no tursa’ ‘zine quant'ty, Pe, fs the d'fferance beween ea varying 


tote’ of ter susely Plate over, f., and the constant vala@ of {dling 
Iqte -dver, $4. e% 0 Constant tity cyclé 's chosen, no contro. can 


be exerted on Pe, as the ef power suvply automatically ad 
response to the toatl. ‘aced upon 't. Since Pe d'€fers from Py dy a 
OnStar, toe werfation of Pe with eas ftowrate can be ded iced from the 
plot of F, vs. mes f’ow (4p. 17). Refer to Table III for values of Py. 
The noraaiized quont'ties, &,, Ep, and c, represent ea percentage 
of Po, and therefore show how such of Pe was effectively transferred to 
the wall, to radintion, ant to the calorimeter. ‘when each of these 
charecterigtices @s divided “vy their Sim, Ey, tne ratios ax, kp and Re 
are obtained. ‘these ratios show the > rcentare of the tota’? nower 
transferred to the ninsma that poes to the wall, to radiation, and to 


the calorimeter, 
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In general, &_ d'd not vary vreatly with gas flow (Fle. 13). Tnere- 
fore, If olther By, Sp, or Ee shows » strone variation, one or both of 
the other peratelers must sake cotsenseting varlations, Further, the 


relative constancy of by tnoures thet 'nereases or decreases 'n By, Be, 


re, afe roflected by oorreswond!ne (neresses or decrtases tn Ry, Rp, 


or 8.. For thts reggon, t*¢ results sad conclualons will be dfscussed 
{4 tor ce of E,, ow 9 BL AI eg SO as 

The objectives of this study sere (°) to oserate n stable pings 
at ateosphertc ;rensure at Zu re with a sustained 4'irhenover operation 
carmb! fry, ) °o feterntng the temoersture srofite c® the olasean as 
9 Shectlon of Ut gsma rad'sa, T(r), (3) <2 senasure the cover trens- 
s'tted to tse ;lassa, and (1) to deteraing paratetersa Isportant to the 


endfa@y ootoltar sectian'en, 


Plasng Uporation 
Tsing the techniques deser'bed {fn thés study, n stable clasna was 


A 


nerated at 400 ke at atmospheric pressure, enc irance rung were 


nado, hownver, the plasma has been cont!ruoisly operated for forty 
minutes durin- soze data runs which ‘necluded nea’ plasma powers up to 
§2 ww. aAtth a modifted injectton state to prevent injection olate 
damare, and heat resistant seals to prevent seal jetertoration, the 
plasma is belteved capable of continuous operation at the 50 kw vower 
level at, vas flows above 100 scfh, in 1 75=m= Vycor tube, stable 
operation of the plasma was conclided on the basis of apoarent constant 


plasma ecometry, and stationary values of coolant temperature indica- 


tions during operation at constant vas flow. 
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Temperature Profile 

vlthowe teepernture ; roflle eeesuresents vere not complete, the 
ex'atence of 4 tesversturo of °§,aek near the outer seurfacoe of the 
Dlautn vas ver’ Sted, ant n sytel temperature groftle ves deduced. The 
leduced teeperature .rof ile shows the “fvhest temerntures cecurine 


fs on this eg) tictes! shell seer tc cuter surfech of the olaeme, had 


relattyels ler tenterel ing tomerntires exfuttn In a reverse pas 


whe tochniques used to seasure power vero only partially success- 
ful, cde saretn “cr errer ‘n deteraining the coclant temperature rise 
was unaccertnb’e fur so cr'tical a awasurestent. Ths fnailt coupled 
with tré shift fs iP, béetecen the cléar vater and block watér rttis, led 


! 


tw exctcstve date disverston which tn turn provérnted obta'nine pcint- 


byepotnt rodtattcs pover values by subtraction of the point values for 
dy and Qs. dy and dy were normalfzed with respect to P, and tre results 
olotted 1: Hy und Ry vs. va Slow in scfh. «a trcoth curvé for 2, was 
then drawn ond subtrected from the smooth curve drawn Sor &. This 
yielded smooth curves for sormal'zed radial radintion power, Er. The 
usefulness of radtation values obtained in this manner rests on the 
validity of the averartne processes inherent ‘tn normalizine data and 
plott*n® smooth curves, “In constderniton of Abe Piattatsons imposed 

by possible data acenracits end experimental techniques tsed in this 


study, the information displayed on all eravhs should be viewed as 
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f'est ayproxinations of actual values and tremds, 

The black vater technique as applfed (yn th's study ‘s very useful 
aso “wane of deters!atnag totnl olagem power. etter seasuretents of 
radiation pover would bo posifbte vith the use of an fsproved black 
water viiich dfd not leave demostts on tle ‘ner tubo, Tats Innovation 
'¢ d'ocussed ‘eder “Recommendations”, with the use of ar ‘sproved 
black water, thts techi'que of sean arfs radiation power should g!leld 
useable radiation ,ovor data without tse necenslty of S'rst sornallz' ne 


the data. 


Coupling Porareters 

vhe controlled parareters vere cf power supsly piate voltage, 
‘nner Vyoor tube d'asetor, eas compos't'on, nnd vas ftov, however, 
others fapl'e't paraseters were vresont. The fimplic!t ovraneters 
appearing fn this study aro plasma rréssure, vortex utrénvth, rf -ower 
supply plate power, ond sinsnw ‘enrth and dlancter, ‘“o contro! cen de 
exerted over thesn caraseters, a: they are the natural consequences of 
vary'ne the controlled :nraneters, 

Gonclustfons concerning 1 coupling sarameter must be supported by 
a raasonable yunntity of ditn perttnert to the effects of that corn] 
meter, ihe preconderance of trorsatton rathered tn this study 
directly concerned ¢.s flow. “or this reason, che effects of varying 
ros flow sre well described, Tie effects of varyine ras compos‘tion, 
inner tube diameter, and plate voltare cannot be described nearly as 


well due to the meerer investirations mode of cach of these paraneters. 
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Direct cospartsuns of Une operatine modes vhich contain these parae 
wlers os verfables can establish 9 trend which would have sore short 
range validity, but any loser range crofiections cate on tne basis of 


these linfted compertseons ave of foubtful validtsy, 


wos Flov, Vhe effect of 'neressts* eas “Yow on al! ogerating 
ete eo 
sodden 15 siatias, but sosevent veryvine “: deere, Sor 'natance, ¢ 
charp déuréate 's 8, "3 sett cod with an 'ncr¥asp 's 264 Tlow for 


odes 1, 2, a3 Jy bat Mole 2 exhtb'ts only a sttent decrease {sn £,, 


In weneral, the decrense ': wall logs and radtaticn charecter!st'cs 

ml ine "screegoe fn tne Ltst=eter recter'sttcy with !acrees! ne 

roa Slow can be attethited to tse ducrense 's nolauma tinateter watch 
surg wth ifnccea: rag ficew, voome ‘ert 'an'nr of the clsede tale 

fYase *s a.so noted vit’ fnereastd eng Slow, bit no sfes'f'crst tne 

Crepse. a eat OF tye Riel y Dieina is cortlon of Law eng ves 

observed, ag tra f Uecte Gbrirnct.., at hich gas flows, wal) issetes ane 

fehtotted by thé ‘hcreaaed se;mrat'on. hotwueen tre .lesna and t*e walle, 


and the cffect!ve volume of eadiot'ns olasmm $s decreaset, thereby 


reductne radiation losses. The reduction ‘n radint! ne volume ovvar- 
ently offsets: any tendency to Increase radiation power throuzh cossible 
increased plasma tenverntures., In the absence o® tem ersture measure- 
ments to the centrary, 't 's belteved that olasma temperature very 
likely decreases with the ‘ncreasine yas flow due to the decrease tn 


enerey coupline to the restricted ; lusma volume. 


The reduction of wall losses and redtation losses ot hicher ras 


ae, 
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flows 's reflected by an 'ncrease !n power carried to the calorineter 
by the flowlnae vases, 

Gas Compopzition. The only zas used other than argon vas a sixture 
of argon and helfum, The mixture used vas aporoximately 47° hel!un by 
volume, of about 2.9% selfus by welwht. Thés dilution of pure arpon 
led to sarked differences batwoen the results of Mode 4 and Mode 2. 

The Increase !n wal) loss charnctor{st!cs and the decreaso 'n radiation 
loss character’st!cs are resyect!vely be! loved to be the result of the 
hivher thermal conmjuct*vity and lover otfustylty of helfun, The celor- 
{meter character'stics for these two sedes are nearly equal, which 
sugpests that the fecraased radiation loases were offset by equivalent 
increases !n wall looses, 

Plato Voltage. The effects of 'ncreas'ns plate voltae appear In 
the compur!son of Modes | and ?,. The chanzes oxper'enced Sy raistne the 
plate voltare were tie lenst ored‘ctable of a] changes resultine fron 
varvine the ovher paraveters, It was earlier observed that an !ncrease 
In rf vower output Increased the diaseter of the plasma. OJur!ng any 
data run {% was also observed that as the dfameter of the plassa increased 
E, increased. ‘These two bits of !nformation seemed to point the way 
toward an increased coupline effectiveness at hirher plate voltace : 
Ssettinzs, It was pred‘cted that the hieher rf power output, which would 
accompany the hirher plate voltare settine, would increase the plasma 
diameter which would ‘n turn increase Ey. The effect on By was just 
the opposite; Ey decreased. Q,, 2,, und 24, however, increased in 
Mode 2, but these increases were obtained at relatively higher increases 
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{. Fe, ww thal Sy, he, 4d Se decreased '2 Yode 2, The cost unexpected 
rogalt was thrt Ql for Mode 2 vas less tnan Q. for Mode 1, “or an 
be ee ace : er WASure° ents excected becn ste of the 'ncressed 
rf Thais ie 
explangtfon of the deceeare (s &. 's Jf fered. an exam'nation 
f Fie sre & eae ress 's: €ectr'cal Srdulilwity of gx grvon 
6 ag Ae Sere ad Ae g re. ® ta.35; %. a fdecrense !n cone 
dect iy ty Sse 1! 1 es wi for the ldecroagso ‘n &¢, Out the 
sh age © ; cour a, t Jy ruled usllvely, 
ay t Paste ‘ eg ee wer love! was nol atten: ted, 
ote the ‘ Bi a4 'ncrensed cnerey lossés to the 
wal : ‘ ereture; srréd closer to the walle. 
‘ ceded tc clarify t:e peparest contradictions: that 

. nah ‘ erecten. 

LENGT vaba@) ange Sgr. e virtevloss (nh gine. charectert ics 
Sea Ce oe gw Sy OP bee tee hing Ube im Mode 3, sccw the 
EOLOCt {reece the f lnnenh,y and chereny seduce le @nerey 
OHS id ottie ¢ S lent ive rad ation wolime-of the olsame, and the 
efit Oe: wa! e ronach *o the wall by the plasma. The total 
et a Wih'se "2 lew tue ty “reducdd mnorry coupline; The radtaiq 
tion raktor?sttt: ara luw due to the small radtation volume and 
probable er p.goma tespernture, and the wall loss character‘stics 
are hich Jue to the close :roximity of the nlasma to the wall, The 
calorimeter cniractertstics are also noted to be hirh, but these values 
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Al 


This arranvgevent would sallow the selection of different vortex 
gtreneths at whe seme tote! san lov, In thls sanner, the effects 


* vortex streneth could be chown, Tre recalts of thls exver' sent 


pOuld be cesented ag Sllustrated ( Fleuree 16, Tae curves would 

® Ve, g ° rhe | LC os ew} ee 3 cre e foe a4 es L reoreses.t 

: f (he 9°43 [ssulne or ‘ : e Tarver solee, 

and tne rf ent ge fax tld raprenent Fosue “se “gets fron 
the san! fol? with « uaa er Cs, 

Aw! j Caw nt {nae ! ee ° oe DEY ig ¢ of ¥ a 2% 
“As swtveuted Df Le SOOKFON, super’: os Ge : i 1 assunt of ess 
to J@oted axa’ ty Prot Lie cehtar oF ' betton alte would Jreven 
che plassa fr entectimr tre a) Pae,S a te oak ce ae Te ty © 
tr che very ic ‘ ag? .¢ *- 7 "© . tel n tne ° @ e .C 

Tasoa by versine tnt ax'al fro ‘sjectlon usteh would control the 
r ay ae eye e* De SroaVve: ea a? tog 2 Se ' ts etn we 4) mol n 
plate vill allow operation +: oy ha Cam ELT" ry mtastinat ton of 
the olaoma by setertal froe the ! : Tote, 

Tube Jipmetérs. whe manner In walsh ths ine counl'én: ‘nereases 
at the plasjas ex:anes sursests toat the rat © "“nsma diameter over 
rf coll dfareter (D5/2.) $s a pureseter wh! YA he studied, 
Stugtes snould he mate cinin: lareer Pfarneter tubes, dit beentn- the 


i] 


same waterjacket thickness, or voss'bly rerductnr the waterjrcket 


thickness, in orter to tnerease Dp/Dg. 
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ne error 'n pover “wasuresents due to vatler temuersture deters! nation 


accuracy, [f the vaterjacnet ‘3 ate too ttn, however, the black 


we for total pover “ens rrenent “ay not be effective. In 


water tect! 


- 


‘onoral thourh, swilor vatler Slovrates, si! “'eher temperature rises 
“ier “Ge. cw ts, «1.4 tPerdfsre, .@ thin 


Yead to better raccuractes 


* 


daterJackot srould be cors'dered, 


Coolan’ Tempera ture Via u resents 


Goolant tesperatire “caguremonts are wory cr'ttleal to over 
nessurements, cs-ectal’s: al ctee, coplnnt Slows. Temperature ~eszure- 
wWALE acs irate iv ¢! Pesrst orceta f darrco Tahretnett woul sore 
nesrly al'pn to ¢ meen’ tae of ercur ': vower “eaturcventés resslt ‘ne 


Crom tLamszerastuce ‘noccirheles to the newn' ide of error resultite from 
Water fios Insecuractes, HXeductne tewpersture ‘naccuractes beyond this 
nointg will vfel?t tfttle 'n averall accuracy, and therefore become 
Texurfos. at the Si, temeerature measurements sho ild be accurate 


to tne nearest derree Fohrenhett, 


Plasma iemperuture heasurencnts 

an accurate “nowlede of the temperature vroffile of an ‘nduction- 
coupled plasma *: essential to the «umderstantin~ of the basic ohenom non 
of tnduction-coupled olnsmas, and to the developrent of theories to 
explain tn's « henonmenon. 

Av present, |... ara of the rPhyeics sranch, Jcronaiut ‘cal 
Research Laboratory, an? C. Grabner, chief of Analysis 3ranch, Divjtal 
Computation Division, seronautical systems Division, ere developing a 


AL 


iA, hy Si /¢ 22 


computer program which will yleid a spectral l'ne tntensity prof'le, 
Jir), frot en observed \(x), The wmputer progres vill be app) ‘cable 
lo any sensuresents for which axtal symmetry can be assumed. ‘ihen the 
progres {gy established, the computer vill fit an even ordered poly- 

’ e 4 eee 
nomtal (ap * a,x * Ox % 1... * Bank to the observed data to obte!n 
an analyt!cal expressfon for N(x). Tt will then differenttate N(x) 


with cesvect to x, sudst! tite N' (x) ‘nto tre (nterral equation, ba (1), 


®hon th'a valuable lovl 's avallabdle to =nae sultiple temcerature 
proffle dotersinattons pract'es., 9 serfes of test rims 'n the pattert 
fF thts stity enould be -wle to fetlérn’ne tre onraxeters wnich effect 
wae cacicur temperaturés rttalnable, and tuo rad'us st which theses 


muximus lemperatures occur, 


Radtatton Fower Veawurestents 


Had'otéon *over wasurenctits {n thls study vere h'iadered by two 
dDastc faults, ott@r that ':acctrato terserature seasurésents, The tine 


atfeerence between tne clenr water ond blace water readings bs one 


ce 


PRU ey ie coer tthe a or aD LSU rerroduce the plasma, a6 


evidenced by the d'fferent values of to whtch occur at the sam® ras 


4 


flow during the sane dota run, Ideally, all veasurezents are made 


simultaneously so that tiere ‘s no ttre difference and no non- 


reproductb' lity problen. 
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vince plasae pover {3 not t'se denende:t vhile operating et 3 
‘constant vas flow, seasurezents can be aado at differant tines and 
stil! be va'id if they do sot depend upon reoroductbtlity, This 
comftion {gs satisfled by leaving tne was flow constant and svitchineg 
the coolant supply between clear and black vater to fet swap urenents 
of both ay and 4. However, the black water used fn this study 
depos!ted on the {nner tube, and no clear vater mersurements could be 
taken aftor black water was once used. Therefore, an opaque coolant 
wnich does not deos!t on the Inner tubo should be found for use in 
this radtation masuresent techn!qy 

A possible sethod for obtafntne afmultaneo is power nearuresents 
was suecested by X, Winverson, iayslcu Jepartment, alr Force Institute 
of Tachnolugy. He vroposed that tre amount of radiation falling on a 
radiomter at some f'xed distance fron the plasma should be compared 
with the rodiation measuresents sade by switching to black water with- 
out chanring pas flow, to determine {f the two radiation neasurenents 
are in some manner oroportional. ‘Js'nz the nresont black water supply, 
this method entails cleaning the plasna-renerator, between test runs. 
If a proportionality exists, then the radiometer should be carefully 
calibrated by a series of runs, so that subsequent radiation measurements 
can be made using the radiometer, The ability to obtain simultaneous 
power data {3 wo)l worth the effort to calibrate the radiometer, there- 


fore, tests for proportionality should be made. 
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An energy valance on tne jp lapen vas mut cert urced deceuse fn 


. & “ 
merguretents of total e*wetrlen: tuwer transferred to the clatva could 
P ’ , % } ad 
be made. .sere fs a relatlye fesle ~ethual sya lable to ~eesure the 
etectrica! fer BOs bed Uy oh ’ » it Tk ve yulses ade} 2! onal 


tsntousentation on the of power sup: vy. 8's method vas sugested by 


ceylor and Hesttnes (Nef. 3: 1371), The add’scfonal !netrumernteatton 
recutced 's an ro ommetor t the ctr ute vites tee of Uabucs tor ia 
and wHLOL Plowme ters end thers Us Yeu Fe tha Vs By LT oes For the 


trfodes 'n the rf power stig ly, 

whe total electrical enervy supplted to the trlodes con be measured 
with J'rect-current setlers, The eserey lout (n tee trfudes 's s'ven off 
as heat and can be neasured by ceferet.ce to cooling vater tenperuture 


r'ge and sater flow. ihe onerey not lost ‘'n the trfodes ‘4 converted to 


rf enorery output, 


=> 
2 
1 
“3 
° 
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20 Obtain n swasure of rf enercy trn 
power supply {s ftrst operated tn the absence of a ctasca 1% some set 
value o® rf current on the rf ammeter 'n the ‘nduct'on cot! circuit, 
Total e’ectrical crerpy to the triodes and total triude losses are then 
measured as previously exolained, The difference hetween trese values 
{s the rf enerpy losses which occur ot that rf current. he power 
sun; ly 4s next opersted tn the presence of a plasra, at the same rf 
current. ‘the total triode cnerpy injut and losses are measured as 
vefore. ‘he rf cnerey losses at this rf current were oreviouwly de- 


termined. ‘The rf enerry losses are added to the triode losses which 
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occurred on the second ru:, and thls om 's tnen subtracted fros the 
total encrey suppited to the trlodes on the second ram. This difference 
{3 tre energy wh'cs 's transferrea to tre ples. 

3y ynow!ing tre rf enervy suopl'ed to the pissne, a proper energy 
balasce crn be apde. an oe orvy balance 's leesed necessary to val!date 
the measurements santo on the plassy by the tochn'ques used In this 


PEAT e Cr 


Syperzonts Heat! 

Tho oogstb lity of adding heat to the air fn the supersonic reson 
of 9 hyverson'c wind tunne! by a rf Inductton-ooupled plasza, vas aen- 
tloned fn tre 'ntroduction, However, plasma operation !n gases with 
hier Vnenr velocittes Js unstable becnuse the plasze cannot proparate 
fast cnouth upstrean., In the vortex-stab!!!zed plasna, fontzed cas {s 
blown ipstrean by the back-flow. Th's fecdback systen continuously 
supplies the fons necessary to maintain coup!!nz between the rf Induction 
coil ond the olasme. 

Stabilization by vortex flow in hypersonic wind tunnels cannot be 
considered, because 't disrupts the ras flow. aA schematic presentation 
of a stab' lization scheme is shown jin Fizure 19. Th's scheme inv'sions 
a constant suoply of electrons being injected into the ras flow near the 
throat, of the wind tunnel. These electrons are carried downstrean, by 
the Tast movine gases, ‘nto the plasma couplinz area where they couple 
with the rf induction cot], and thereby stabilize the plasma. As the 


electrons move downstream past the olasma area they are returned to 


rround, leuvine a neutral gas behind. 
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abe} 's Interre) prensfor-ation 


whe transversally observed red'ance of the plese ‘rage, 'i(x), 


‘s inverted to the redfant ‘ntenstty, Jir), {n the following manner. 


3 
Nm= 2 fn 


But, 
y= Ve 


ina 


AGH 4 
dye rec 
ee os 
Therefore 
NWw= 2( ast 
y yt 
shis ‘s abel's !nterral, which Inverts analytically to form 
N Id 
Jir)=- + (eee (x 
vhe prime ‘ndicates d'ffercnt'ation with re st to x; 
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Plasma generator with 
clear water coolant 
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Plasma generator with 
black watery coolant 


56 


GA/Phys/62-2 


vi 
3 
+ 
d 
— 
0 
Qu 
QO 
Co 
oO 
+ 
¢ 
Y 
g 
. 
Yu 
a. 
x 
WW 


Ga/Phys/62-2 


Gas inlet — 
WLLL WL 
Coolent ovtiet Y Y GY, Z Top end-piece 
AGG G 
i —4 HY 
Gas : Prres tube 
injection plete \ 
0 
° ae Re | 
Plasma — agin cor 
; La VVvyud 
O-ring 
seals \ Vycor tube 
Bottom ZI Rubber gaskets 
end-piece GHz 
Z 
Manifold GY ~ Coolant iniet 
N By) 3 Oo re Sa Calorimeter 
NN Niee Sols : yac ket 
Water NN Rico ool R AS 
mlet ir mise 0° . i : 
ae Ron 
BS 331 ft ooling cols 
006 As! 
Water__ o 0° 


ls 
= 


Fig. 4 
Schematic of plasma- 
generator and calorimeter 
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Power Couplin as 4 function 


of changing vortex strength, 


with excess plate power and 
tota| Jas flow constant 
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induction- coupled plasma 
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